Bipolar disorder is a psychiatric disorder characterized by recurrent episodes of mania/hypomania and depression. Progressive cognitive dysfunction such as impairments in executive function and verbal memory is common in euthymic bipolar patients. The cerebrospinal fluid has previously been used to study neurodegenerative processes in Alzheimer's disease, from which changes in three core biomarkers have emerged as indicative of degeneration: amyloid b, total tau, and hyperphosphorylated tau. Here, neurodegeneration in bipolar disorder was investigated by assessing the association between bipolar disorder and cerebrospinal fluid biomarkers for neurodegenerative processes. Cerebrospinal fluid was obtained from 139 bipolar disorder patients and 71 healthy controls. Concentrations of total and phosphorylated tau, amyloid b1-42, amyloid b38/b40/b42, and the soluble forms of amyloid precursor protein were measured in patients vs controls. The concentrations of the soluble forms of amyloid precursor protein were significantly lower in bipolar patients compared with controls. The amyloid b42/amyloid b38 and the amyloid b42/amyloid b40 ratios were higher in bipolar patients than controls. There were no discernible differences in the concentrations of total/phosphorylated tau, amyloid b1-42, or amyloid b38/b40/b42. The concentrations of the biomarkers within the bipolar patient group were further associated with different ongoing medical treatments and diagnostic subgroups. The findings suggest that the amyloid precursor protein metabolism is altered in bipolar disorder. The results may have implications for the understanding of the pathophysiology of bipolar disorder and for the development of treatment strategies. Importantly, there were no signs of an Alzheimer-like neurodegenerative process among bipolar patients.
INTRODUCTION
Bipolar disorder is a common psychiatric disorder affecting about 1-3% of the population (Merikangas et al, 2011) . It is characterized by recurrent episodes of mania (or hypomania) and depression, interspaced with periods of euthymic mood (Belmaker, 2004) . In schizophrenia, associated cognitive impairment has been well known ever since the first description of the disease more than 100 years ago (initially described as dementia praecox) but only recently has the importance of cognitive dysfunction for bipolar disorder been fully addressed. Cognitive impairment in schizophrenia involves attention, speed of processing, working/long-term memory, executive function, and social cognition (Fioravanti et al, 2005) . Accumulating evidence suggests similar but less pronounced cognitive impairment in bipolar disorder, including executive function and verbal memory (Martinez-Aran et al, 2000 Robinson et al, 2006) . Indeed, cognitive impairment has been suggested to be one of the most important contributors to functional decline in bipolar disorder (Zarate et al, 2000; SanchezMoreno et al, 2009) . Cognitive dysfunction progression has been further associated with number of manic episodes and the duration of illness (Martinez-Aran et al, 2004) . Moreover, a range of neuromorphological magnetic resonance imaging studies have indicated that the decline in cognitive function is associated with structural brain changes, including enlargement of the lateral ventricles and deep white matter hyperintensities (Kempton et al, 2008; Konarski et al, 2008) . We recently found that the number of manic episodes were strongly associated with gray matter reduction in the inferior frontal gyri of the dorsolateral prefrontal cortices (Ekman et al, 2010) . In addition, it has been reported that psychiatric disorder might be a risk factor for late-life dementia (Cooper and Holmes, 1998) .
Taken together, these findings raise the question whether neurodegenerative processes are involved in the pathophysiology of bipolar disorder.
The cerebrospinal fluid (CSF) is a reservoir of potential biomarkers reflecting the biochemistry of the brain. CSF has previously successfully been used to study the pathophysiology of bipolar disorder 2009a Olsson et al, 2010 and has been extensively utilized in the quest to identify biomarkers in Alzheimer's disease, whereby three core biomarkers have emerged: the 42 amino-acid isoform of amyloid b (Ab42), total tau (T-tau), and hyperphosphorylated tau (P-tau) (Blennow et al, 2010) . These biomarkers have been used to study pathophysiological features of Alzheimer's disease, including amyloid deposition (Ab42), axonal degradation (T-tau), and tangle formation (P-tau). High CSF concentrations of T-tau and P-tau together with low concentrations of Ab42 are strongly correlated with the cognitive decline seen in Alzheimer's disease patients (Blennow et al, 2010) . Ab42 is a product of enzymatic cleavages by b-and g-secretase of amyloid precursor protein (APP). APP is a transmembrane protein of largely unknown function widely expressed in the brain. APP can also undergo non-amyloidogenic processing by a-secretase, which precludes formation of Ab42 (Zhang et al, 2011) . The a-or b-secretase cleavage of APP also generates soluble forms of APP called sAPP-a or sAPP-b, which can be measured in the CSF (Zhang et al, 2011) . Furthermore, variation in g-secretase cleavage generates differently sized Ab (38-42 amino acids) (Schoonenboom et al, 2005) . Tau is a neuronal protein localized to distal axons where it has been described to function as microtubule stabilizer (Morris et al, 2011) . It is regulated by phosphorylation by kinases (eg, GSK-3b, CDK5, MARK, and MAPK), which is associated with disruption of microtubule organization (Morris et al, 2011) . This is interesting given that GSK-3b (glycogen synthase kinase-3b) dysregulation has been suggested to have an important role in bipolar disorders and is a potential drug target to treat mood disorders (Jope, 2011) . In addition to Alzheimer's disease, abnormal CSF T-tau concentrations may be seen in other tauopathies like Pick's disease, frontotemporal dementia, corticobasal degeneration, and progressive supranuclear palsy (Hernandez and Avila, 2007) . T-tau and P-tau can also be detected in CSF from healthy individuals, and it is believed that variations within the normal concentration range reflect physiological synaptic and axonal turnover in the brain (Mattsson et al, 2010c) .
Given the possible neurodegenerative component in the pathophysiology of bipolar disorder, we set out to investigate the CSF biomarkers known to be altered in Alzheimer's disease. We used CSF from a large meticulously phenotyped patient-control study population that is adequately powered not only for studies of patient-control differences but also for the study of potential differences between subtypes of bipolar disorder and the role of medication.
SUBJECTS AND METHODS

Patients
Patients were recruited from the St Göran bipolar project, enrolling patients from the bipolar unit at the Northern Stockholm Psychiatric Clinic, Stockholm, Sweden. The work-up and diagnostic assessments have been described in detail previously (Ryden et al, 2009b) . All patients were assessed by a psychiatrist (or psychiatrist in training) using a standardized interview protocol (the Affective disorders evaluation) previously used in the Systematic Treatment Enhancement Program of Bipolar Disorder program (Sachs et al, 2003) . The Affective disorders evaluation guides the interviewer through a systematic assessment of the patient's current mental state, past history, and diagnosis according to DSM-IV criteria as contained in the Structured Clinical Interview for DSM-IV (SCID). Co-morbid psychiatric disorders were screened for using Mini International Neuropsychiatric Interview (M.I.N.I.) (Sheehan et al, 1998) . The full diagnostic assessment was based on all available sources of information, including patient interview, case records and, if possible, interviews with the next of kin. The diagnoses were set at a diagnostic caseconference where all information at the time of admission was presented. A consensus panel of experienced boardcertified psychiatrists specialized in bipolar disorder (n ¼ 2-5) made a best-estimate diagnostic decision. Using this procedure, the risk of inter-rater bias in the inclusion process was reduced. The general criteria for inclusion were patients at least 18 years old and who met the DSM-IV criteria for any bipolar disorder, ie, type I, II, NOS (not otherwise specified), cyclothymia, or schizoaffective syndrome manic type. Information is collected about number of depressive, manic, and mixed episodes, history of suicide attempts, family history (first or second degree relatives with bipolar disorder), history of abuse (alcohol or substances), comorbid anxiety disorders (ie, panic disorder, social phobia, post-traumatic stress disorder, generalized anxiety disorder, obsessive-compulsive disorder, and agoraphobia), body mass index, and history of psychosis. The lifetime severity of bipolar disorder was rated using the Clinical Global Impression (CGI) rating scales. This sevenpoint scale reflects the clinician's rate of the severity: 1 ¼ normal or not at all ill, 2 ¼ borderline mentally ill, 3 ¼ mildly ill, 4 ¼ moderately ill, 5 ¼ markedly ill, 6 ¼ severely ill, and 7 ¼ extremely ill. In order to determine euthymia, the Montgomery-Å sberg Depression Rating Scale (MADRS) and the young mania rating scale (YMRS) were used (euthymia defined as MADRSo14 and YMRSo14). For ethical reasons, patients continued to take their prescribed medications at the time of CSF sampling.
Age-and sex-matched healthy, population-based controls were randomly selected by Statistics Sweden (SCB) and contacted by mail. Interested persons contacted the study team that conducted a preliminary telephone screening to exclude severe mental health and neurological problems as well as substance abuse. Eligible persons were scheduled for a 1-day comprehensive assessment. Of the controls that received the invitation mail, 14% contacted the research team. This is on par with other studies of similar nature according to SCB. Of those controls that volunteered, 75 were excluded at the telephone interview mainly due to drug use (N ¼ 16), changed their mind (N ¼ 14), somatic illhealth (N ¼ 12), metal objects in body excluding magnetic resonance imaging (N ¼ 10), heredity in first-degree relative of bipolar disorder or schizophrenia (N ¼ 9), ongoing mental health diagnoses (N ¼ 6), pregnancy (N ¼ 5), and moved out of area (N ¼ 2). One subject had no documented reason for exclusion. Furthermore, one subject failed to show up for the assessments. Control subjects underwent a psychiatric interview by experienced clinicians using the M.I.N.I. to exclude psychiatric disorders (Sheehan et al, 1998) . Moreover the controls completed the same investigations the patients had undertaken, including self-rating scales, somatic tests, blood tests, and lumbar puncture. Because the assessments of controls might reveal pathological findings, case conferences were held between examining clinicians, primary investigator, and the study coordinator to decide whether or not to include such persons in the study. It was thus decided to allow past minor depressive episodes, isolated episodes of panic disorder, eating disorders, or obsessive compulsive disorder that had remitted spontaneously or with brief psychotherapy counseling. Substance abuse was screened for at the telephone interview by the nurse, in the psychiatric interview, by AUDIT and DUDIT, as well as by determining serum levels of carbohydrate-deficient transferrin (Saunders et al, 1993) . Overconsumption of alcohol as revealed by carbohydratedeficient transferrin or responses indicating large consumption (48 standard drinks per time more than 2 times per week) and/or amnesia and/or loss of control more than once per month resulted in the exclusion of these individuals from the study. Other exclusion criteria were neurological conditions other than mild migraines, untreated endocrinological disorders, pregnancy, dementia, recurrent depressive disorder, and suspected severe personality disorders (based on interview and SCID-II personality assessment) and a family history of schizophrenia or bipolar disorder in first-degree relatives.
The study was approved by the Regional Ethics Committee in Stockholm and conducted in accordance with the latest Helsinki Protocol. After complete description of the study, all enrolled patients and controls consented orally and in writing to participate in the study.
Neuropsychology Testing
The neuropsychological assessments included were Wechsler Adult Intelligence Scale (WAIS) version III (WAIS-III) and Trail making test (TMT). WAIS-III measures human intelligence and provides scores for both verbal intelligence quote (IQ) and a performance IQ. The WAIS-III also elicits four indices based on different sets of subtests: verbal comprehension, perceptual organization, working memory, and processing speed. The TMT consists of a visual cancellation task and a series of connect-the-circle tasks (part of Delis-Kaplan Executive Function System, D-KEFS). TMT involves five conditions, including visual scanning (TMT-1), number sequencing (TMT-2), letter sequencing (TMT-3), number-letter switching (TMT-4), and motor speed (TMT-5). The psychologists performing the neuropsychological assessments were not blind with respect to whether the test person was a patient or control.
CSF Sampling
CSF sampling (lumbar puncture) was performed when the participants were in a stable euthymic mood. Subjects fasted overnight before the CSF collection that occurred between 0900 and 1000 hrs. The spinal needle was inserted into the L3/L4 or L4/L5 interspace, and a total volume of 12 ml of the CSF was collected, gently inverted to avoid gradient effects, and divided into 1.0-1.6 ml aliquots that were stored at À 80 1C pending analysis. An identical procedure was performed for the controls. All samples in this study were thawed and refrozen once before analysis. The staff performing the lumbar puncture was not blind with respect to whether the test person was a patient or control.
Biomarker Analyses
All biochemical analyses were performed at the Clinical Neurochemistry Laboratory in Mölndal, Sweden, by experienced and board-certified laboratory technicians who were blind with respect to the clinical information. The CSF concentrations of sAPP-a and sAPP-b, and Ab38, Ab40, and Ab42 were determined using the MSD sAPP-a/sAPP-b Multiplex Assay and MSDHuman/Rodent (4G8) AbetaTriplex Assay, respectively, as described by the manufacturer (Meso Scale Discovery, Gaithersburg, MD, USA). CSF concentrations of hyperphosphorylated-Tau (P-tau), totaltau (T-tau), and Ab1-42 were measured simultaneously by the Luminex xMAP technology using the Inno-Bia AlzBio3 kit (Innogenetics, Zwijndrecht, Belgium). The inter-assay coefficient of variability was 8% (sAPP-a), 20% (sAPP-b), 2% (Ab38), 15% (Ab40), and 13% (Ab42). The intra-assay coefficient of variability was o10% for all biomarkers.
Statistics
The statistics software package SPSS 19 (SPSS Inc, USA) was used for the statistical analysis. Pearson Chi-square test and Mann-Whitney test was used to analyze gender and age differences between patients and controls. T-test was used to analyze patient-control differences in neuropsychological test performance. Spearman's Rho coefficient was used to analyze correlations between biomarker concentrations and neuropsychological test performance. Levene's test for equality of variances was used for selection of appropriate T-test. Linear regression was used to analyze patient-control differences using gender and age as covariates. Multiple linear regression analysis (using stepwise method with criteria: probability-of-F-to-enterp0.050, probability-of-F-to-removeX0.100) was used to identify biomarker concentration predictors within the bipolar patient group. All p-values are presented as twotailed and p-values o0.05 were regarded as significant. For patient-control comparisons, false discovery rate was used to correct for multiple comparisons and q-values o0.05 were regarded as significant.
RESULTS
Demographics and Medication
In this study, we included 139 bipolar patients and 71 healthy controls (45 females and 26 males). The median (interquartile) age of the controls was 32 (27-43) years. Demographics and clinical characteristics of the patient group are presented in Table 1 . The patient group did not differ from the control group with respect to gender (
A trend of higher body mass index was observed in patients with bipolar disorder (U(209) ¼ 5748.0, Z ¼ À 1.95, p ¼ 0.051). The prescription drugs were divided into the following major groups: lithium, lamotrigine, valproate, selective serotonin reuptake inhibitors, noradrenergic and specific serotonergic antidepressants, serotoninnorepinephrine reuptake inhibitors, benzodiazepines, and atypical antipsychotics. Patients were then classified based on use or non-use of medication from these groups at the time of CSF sampling (Table 1) . Other medications not belonging to any of the major subgroups were clomipra-
, haloperidol (N ¼ 1), and perphenazine (N ¼ 1). Many patients were on a combination of medications. Table 2 shows the neuropsychological assessment scores (ie, WAIS-III and TMT) for the bipolar group and the healthy control group. The bipolar patients scored worse in several of the assessments, which is in line with previous studies of cognitive function in bipolar disorder (Martinez-Aran et al, 2000 Robinson et al, 2006) .
Patient-Control Comparisons
The concentrations of seven different neurodegenerative biomarkers, including T-tau, P-tau, Ab1-42, Ab38, Ab40, Ab42, sAPP-a, and sAPP-b, were determined in the CSF from 139 patients and 71 healthy controls (Figure 1) .
The concentrations of sAPP-a were significantly lower in bipolar patients when compared with controls (Table 3) . A trend of low concentrations of sAPP-b was also observed (Table 3 ). There were no significant differences in CSF concentrations of T-tau, P-tau, Ab1-42, Ab38, Ab40, or Ab42 between the two groups ( Table 3) .
The ratios between the truncated forms of Ab (ie, Ab38 and Ab40) and Ab42 have been used for increasing the sensitivity of these biomarkers for Alzheimer's disease. This is because decreased concentrations of Ab42 in combination with higher concentrations of Ab38 and Ab40 have Cerebrospinal fluid biomarkers in bipolar disorder J Jakobsson et al been observed in patients compared with controls (Schoonenboom et al, 2005) . We found an increase in the Ab42/Ab38 in bipolar patients compared with controls (Table 3) . A trend of increased Ab42/Ab40 ratio was also observed (Table 3) .
Variables Predicting CSF Biomarker Concentrations in Bipolar Disorder Patients
In order to identify the possible explanatory variables for the CSF biomarker concentrations within the patient group, we conducted a post-hoc multiple linear regression analysis using the demographics and clinical characteristics outlined in Table 1 as independent variables. Patients with missing data were excluded, generating an inclusion of 128 patients for the regression analysis. The resulting regression models (using stepwise forward modeling) for each biomarker are shown in Table 4 . In summary, the sAPP-a and sAPP-b concentrations were negatively associated with use of benzodiazepines, body mass index, and comorbid anxiety disorder as well as positively associated with use of NaSSA (ie, use of mirtazapine) and gender (males). The Ab42/Ab38 ratio was positively associated with use of valproate and negatively associated with lithium and age. The Ab42/Ab40 ratio was positively associated with bipolar type II and negatively associated with MADRS. The concentrations of Ab peptides were positively associated with bipolar type II (Ab42 and Ab1-42) and negatively associated with disease severity (Ab38 and Ab40). No medication or clinical characteristic was significantly associated with either the T-tau or the P-tau concentrations (except for positive correlation between age and T-tau, data not shown). We also analyzed the difference between healthy controls and bipolar type I patients and bipolar type II patients, respectively, for each biomarker (Supplementary Tables S1  and S2 ). In summary, the patient-control difference in sAPP-a and sAPP-b concentrations were significant only for bipolar type I patients, whereas the patient-control difference in Ab42/Ab40 and Ab42/Ab38 ratios were significant only for bipolar type II patients.
Correlations Between Neuropsychological Test Performance and CSF Biomarker Concentrations
We next examined whether there were any associations between biomarker concentrations and neurocognitive performance in patients and healthy controls (Supplementary Table S3 and S4). After correction of multiple testing, we found that the TMT-3 test was significantly positively associated with the concentrations of sAPP-a, sAPP-b, Ab40, and T-tau. At a trend level, TMT-3 was also positively associated with Ab38, Ab42, and Ab1-42. T-tau was also positively associated with TMT-1, TMT-2, and working memory. No significant association was observed between biomarker concentrations and neurocognitive performance in healthy controls. 
DISCUSSION
We analyzed CSF biomarkers for synaptic dysfunction and neurodegeneration in a large sample of bipolar disorder patients and healthy controls. The most striking finding was lower concentrations of the soluble forms of APP (a and b) in bipolar patients compared with healthy controls. Subsequent statistical analysis indicated that this finding was most prominent among bipolar type I patients. It cannot be deduced from these results whether decreased APP expression, processing, or clearance of sAPP causes the decreased CSF sAPP concentrations. Low CSF concentrations of sAPP have been observed in other conditions, such as systemic lupus erythematosus, multiple sclerosis, and Lyme neuroborreliosis (Mattsson et al, 2010b, a) . These disorders are all neuroinflammatory, which might indicate a possible role of inflammation in the pathogenesis of bipolar disorder. By contrast, high plasma concentrations of sAPP-a have been reported in autistic patients (Bailey et al, 2008; Ray et al, 2011) . In Alzheimer's disease, both unaltered and elevated concentrations of sAPP-a and sAPP-b have been reported (Lewczuk et al, 2010; Perneczky et al, 2011; Rosen et al, 2012) .
The function of the soluble fragments of APP has been extensively evaluated in experimental studies, pointing to a neurotrophic role of secreted APP (Turner et al, 2003) . For instance, sAPP has been shown to stimulate stem cell proliferation/differentiation/migration, stimulate synaptogenesis, protect neurons, and modulate synaptic plasticity/ learning/memory (Turner et al, 2003) . One might therefore speculate that the low CSF concentration of soluble APP in bipolar disorder reflects decreased neuronal/ synaptic regenerative capacity, plasticity, and survival, which may, in turn, impact on cognitive functioning. Reduced concentrations of other neurotrophic factors (eg, brain-derived neurotrophic factor) have indeed been observed in bipolar disorder (Cunha et al, 2006) , supporting a role of neurotrophins in the pathophysiology. Interestingly, APP has also been functionally linked to Disruptedin-Scizhophrenia 1, a risk factor for bipolar disorder and other mental illnesses (Young-Pearse et al, 2010; Bradshaw and Porteous, 2012) .
Low sAPP-a and sAPP-b concentrations were associated with benzodiazepine use in this study. It is possible that benzodiazepines decrease the expression of soluble APP, but another possibility is that low CSF concentrations of soluble APP are associated with a certain type of bipolar patients who require benzodiazepine treatment, eg, those with a comorbid anxiety disorder. Indeed, the concentrations of both sAPP-a and sAPP-b were negatively associated with comorbid anxiety. Likewise, the positive association with NaSSA treatment is difficult to interpret in this crosssectional design.
A second finding was increased Ab42/Ab38 and Ab42/ Ab40 ratios in the bipolar group compared with controls, despite no observable differences with respect to full length or truncated forms of Ab peptide concentrations. This should be compared with previously observed low ratios in neurodegenerative disorders (Schoonenboom et al, 2005) and argues against neurodegenerative processes of Alzheimer's type in bipolar disorder. However, increased Ab42/ Ab38 and Ab42/Ab40 ratios have been suggested to be neurotoxic before plaque deposition in Alzheimer's disease (ie, Ab42 is the most toxic amyloid b peptide) (Jacobsen et al, 2006; Kuperstein et al, 2010) . It is therefore possible that the increased ratio in bipolar patients indicates a precursor state involving amyloid b. The specific association between high concentrations of Ab42 and bipolar type II patients further indicates that this finding is more related to depression than mania. The use of valproate was associated with a high Ab42/Ab38 ratio and the use of lithium associated with a low Ab42/Ab38 ratio in this study. Interestingly, this is in line with previous reports that valproate and lithium interferes with APP cleavage at the g-secretase step (Phiel et al, 2003; Qing et al, 2008) . A possible interpretation of these findings is thus that the observed patient-control differences in Ab42/Ab38 ratio reflect a general change in gsecretase activity in bipolar disorder. However, whether this effect of valproate or lithium treatment is related to its therapeutic effect in bipolar disorder is unknown. Valproate is generally used as an alternative to lithium treatment (eg, only 1 out of 17 valproate-taking patients in this study were also taking lithium). Thus, it is possible that these finding indicates a biological difference between lithium and valproate responders.
We also found that the total concentrations of the different Ab peptides were generally lower in type I than in type II bipolar patients (mainly Ab42 and Ab1-42). The Ab peptides (mainly Ab38 and Ab40) were further negatively associated with disease severity (as measured with CGI score). Thus, it is possible that in patients with severe forms of bipolar disorder, an Alzheimer-like decrease of CSF Ab concentrations is present. For comparison, cognitive dysfunctions have indeed been shown to be associated with a progress of the course and severity of the disease (Cavanagh et al, 2002) . In addition, low concentrations of Ab42 and Ab40 have been reported in patients with severe autism (Ray et al, 2011) , major depression (Pomara et al, 2012) , and in elderly schizophrenia patients (Frisoni et al, 2011) , indicating similar mechanisms in these disorders.
If bipolar disorder would be associated with a neurodegeneration of Alzheimer's type, we would expect a decrease of Ab42-reflecting Ab accumulation in the brain-in conjunction with increased T-tau and P-tau concentrations (Blennow et al, 2010) . We found, however, no such changes in bipolar patients compared with healthy controls. This conclusion is in accordance with a previous study where no increase of amyloid plaques and neurofibrillary tangles were found in post-mortem brain tissues from psychiatric patients (Damadzic et al, 2002) . However, Ab42 and tau are only biomarkers for accumulation of amyloid plaques and neurofibrillary tangles; other neurodegenerative processes cannot be excluded. Indeed, many other components have been suggested to drive progressive brain changes in bipolar disorder, including the dopaminergic system, inflammatory cytokines, oxidative stress, mitochondrial stress, and alterations in neurotrophic signaling (Berk et al, 2011) . It should also be noted that the median age of this sample population was 36 years and that it is possible that differences in Ab42 and tau might be observed in an older cohort of bipolar patients. It should be noted that the patients in the current study is followed up annually and that cognitive impairments in relation to neurochemical markers may by studied in the future.
Post-hoc, we analyzed possible correlations between biomarker concentrations and performance scores in neuropsychological tests (WAIS-III and TMT) . No correlations were observed in healthy controls. In the bipolar patient group, by contrast, TMT-3 was positively associated to several biomarkers (including sAPP-a, sAPPb, amyloid b, and T-tau). These findings hint at the possibility that these biomarkers are coupled to specific cognitive dysfunctions that might occur in patients with bipolar disorder. To explore this tentative link, however, further studies specifically addressing this question are warranted.
An important strength of this study is that CSF was collected from a large group of well-defined bipolar patients and a population-based control group. This provided us with sufficient power to detect differences and also to exclude neurodegeneration of Alzheimer's type. Moreover, patients as well as controls were tested with a neuropsychological battery that demonstrated cognitive deficits in the patient group that were similar to previous findings. Hence, the findings in this study are likely to be generalizable.
It is important to note that this study merely provides a snapshot of the biomarker concentrations during the euthymic period of the disorder (trait marker). Changes in biomarker concentrations might be more apparent during manic and depressive episodes (state marker). However, it may also be argued that measuring biomarkers during euthymia provides a more reliable picture of bipolar disorder biomarker concentrations as these might be affected by secondary effects that appear during mania/ depression (like altered sleeping behavior, motor activity, etc.) not specific to bipolar disorder. A limitation of this study is that, even though we adjusted for single-medication class use in the statistical analyses, there is a risk that either a combination of medications or previous drug intake might influence biomarkers concentrations. Another limitation of this study was that no correction for multiple comparisons was performed in the post-hoc multiple linear regression analyses within the patient group and that this can lead to a type I error, ie, false-positive findings. However, as we think that these findings suggest important directions for future clinical and experimental studies, we chose to report original p-values but stress that these findings should be interpreted cautiously. In any case, it is important to verify the current findings in an independent sample population to definitely rule out false-positive or false-negative associations.
In conclusion, this is the first study of biomarkers for neurodegeneration of Alzheimer type in bipolar disorder. We found that the concentrations of the soluble forms of APP were decreased in bipolar patients compared with healthy controls. These results suggest a possible role of neuroinflammation or neurotrophins in the pathogenesis of bipolar disorder. Further studies, including biomarkers for inflammation and neuropeptides, are warranted to further investigate this. The association between low concentration of Ab with increasing disease severity and bipolar type I further supports that processes involving Ab metabolism is involved in bipolar disorder. Importantly, we found no evidence of neurodegeneration of Alzheimer's type in bipolar patients.
